The pathogenesis of monosymptomatic nocturnal enuresis is controversial. Various urodynamic studies showed bladder hyperactivity in enuretic children. But the exact cause is not precisely known. The aim of this study was to understand whether the autonomic nervous system dysfunction is involved in this bladder hyperactivity or not. Heart rate variability measurement is widely used for evaluation of cardiac autonomic activity. We evaluated cardiac autonomic nervous system functions in monosymptomatic nocturnal enuretic children by using 24-hour Holter electrocardiogram. The study group consisted of 32 enuretic children (20 boys and 12 girls) and the control group consisted of 20 healthy children (12 boys and 8 girls). In these two growps, we assessed cardiac autonomic regulation by analysis of heart rate variability, and found a significantly higher parasympathetic activity in enuretic children than controls. We suggest that the parasympathetic nervous system hyperactivity plays a role in nocturnal enuresis by causing vesical hyperactivity in monosymptomatic enuretic children. monosymptomatic nocturnal enuresis; autonomic nervous regulation; heart rate variability; children
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The autonomic nervous system link through which brain commands the heart. This is performed through sympathetic and parasympathetic fibers innervating sinus node, and by this way, heart rate and rhythm are altered. ECG is a suitable choice for assesment of sinus rhythm for evaluation of autonomic outflow on heart. The time domain and the frequency domain approaches use non-invasive recordings and makes it possible to evaluate autonomic modulation of cardiovascular function (Pagani et al. 1986; Akselrod 1988; Malliani et al. 1991) .
Basic heart rate and its modulation are primarily due to alterations in autonomic tone; parasympathetic tone slowing the heart rate and sympathetic stimulation increasing the heart rate. These heart rate fluctuations can be evaluated quantitatively by ambulatory electrocardiogram recordings and provide an evaluation of autonomic functions (Akinci et al. 1993) . Heart rate variability (HRV) is a useful tool that might provide indices of autonomic modulation of the sinus node (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996). Changes in heart rate and HRV can be measured by various techniques and since these changes are autonomically mediated, these measurements may reflect autonomic tone. By the power spectral analysis of HRV, the high frequency component (HF) demonstrates parasympathetic activity and the low frequency component (LF) shows mainly sympathetic activity, although the LF reflects partial parasympathetic activity too. The LF/HF ratio shows sympathetic activity (Finley and Nugent 1995; Kautzner and Hnatkova 1995) . Urodynamic studies have shown the presence of bladder hyperactivity in a number of enuretics (Booth and Gosling 1983; Wu et al. 1988; Butler 1994) . The cause of hyperactivity is not clear, but the autonomic nervous system dysfunction may be involved (Yakinci et al. 1997 ). The previous studies, which used time domain variables, showed that enuretics have sympathetic activity (Dundaroz et al. 2001) . In another study, it was showed by using power spectral analysis that enuretics have parasympathetic activity (Fujiwara et al. 2001 ). Due to these conflicting results, we planned in this study to investigate autonomic nervous system function in monosymtomatic enuretic children using 24-hour ambulatory electrocardiography, both by time dependent and power spectral HRV analysis.
MATERIALS AND METHODS
The study group consisted of 32 children with monosymptomatic nocturnal enuresis (MNE); 20 boys and 12 girls, and the control group consisted of 20 healthy age-sex matched children; 12 boys and 8 girls. The mean ages were 8.0±1.6 years (range 5-12) and 8.0±1.9 years (range 6-13), respectively. We diagnosed a patient as enuresis when urine is voided twice a week for at least 3 consecutive months or clinically significant distress occurs in areas of the child's life as a result of the wetting (Scoot and Dalton 2000).
To exclude urologic or neurologic abnormalities, a detailed case history was taken and a physical examination was performed. In addition, routine blood chemistry, urine analysis, urine culture and urinary ultrasound were carried out in all of the children in order to eliminate deficiency of anti-diuretic hormone, urinary tract infection, sickle cell disease/trait, diabetes mellitus and diabetes insipidus. All tests were within normal limits in both study group and control group. No child in either group had autonomic symptoms such as fatigue, syncope, etc. None of the patients has been using any medication at the time of study. After taking written consent, 24-hour Holter electrocardiogram test was carried out on all children in both groups.
This study has been approved by the ethical committee of our institute.
Holter monitoring
All patients and control subjects underwent 24-hour Holter recording with 3-channel real-time flash card; a digital recorder (Brentwood by Midmark 8800 Holter Torrance, CA, USA), monitoring the bipolar leads of ECG V2, V5, and modified aVF. Holter flash cards were analyzed with the software version 5.2 Brentwood HRV analysis package.
HRV analysis
Both time domain and frequency domain (power spectral) analyses were used in this study to assess HRV data. Time domain analysis of Holter recordings employs a variety of measures that provide a statistical analysis of the fluctuations in sinus R-R intervals over 24 hours (Kleiger et al. 1995) . Collectively, time domain measures quantify how much variability exists in heart rate over a 24-hour period. The time domain HRV measures employed in this study were mean heart rate, the standard deviation of all normal sinus R-R intervals over 24 hours (SDNN), the standard deviation of all averaged normal sinus R-R intervals for each 5-minute segment in the 24-hour recording (SDANN), and the root mean square of successive differences between normal sinus R-R intervals (rMSSD). Frequency analysis of HRV using Fast Fourier transformation (a special method used for evaluation of heart rate variability) reveals peaks at several major frequency ranges, which have been defined as the high frequency (HF) (0.15-<0.4 Hz), low frequency (LF) (0.04-<0.15 Hz), and very low frequency (VLF) (0.0033-<0.04 Hz) regions of the power spectrum (Finley and Nugent 1995 ; Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996). Holter exclusion criteria were: a duration of Holter monitoring shorter than 20 hours; the presence of significant artefacts; more than 200 isolated premature atrial or ventricular beats or any repetitive form; sinus pauses longer than 2 s (Scott et al. 1980) , any degree of atrioventricular block, even if present only during sleep time. In this regard, subjects with first degree atrio-ventricular block were excluded because it is found as either a normal variant or in different congenital or acquired heart diseases, systemic diseases, metabolic abnormalities (Friedman 1998) . Subjects with second degree Mobitz type 1 atrio-ventricular block were excluded because in the presence of blocked P waves, R-R intervals (where HRV is calculated) differ from P-P intervals, and give rise to a false nonsinus longer R-R interval (Kamath and Fallen 1995) . The presence of sporadic atrial ectopic rhythm (such as coronary sinus rhythm) was not a criterion of exclusion (Scott et al. 1980 ).
Statistical analysis
Results were expressed as mean±S.D. In order to check the normality assumption the Kolmogorov-Smirnov test was applied. MannWhitney's U-test was applied in order to compare mean values of enuretic group and healthy children. A p-value <0.05 was considered statistically significant. Data analyses were carried out using SPSS 9.0 statistics programme (SPSS Inc., Chicago, IL, USA).
RESULTS
The cardiac autonomic activity function by the time dependent analysis findings of heart rate variability using 24-hour Holter electrocardiograms are listed in Table 1. SDNN and SDANN increased significantly in MNE children compared to healthy children (p<0.01, p<0.01 respectively). rMSSD also increased significantly in MNE compared to healthy children (p<0.01).
The cardiac autonomic activity function by the power spectrum analysis findings of heart rate variability using 24-hour Holter electrocardiograms are listed in Table 2 . VLF and LF decreased significantly in MNE compared to healthy children (p<0.05, p<0.05 respectively). HF increased significantly in MNE compared to healthy children (p<0.01), and LF/HF significantly decreased in MNE compared to healthy children (p<0.01). There was no significant difference of HRV between males and females.
DISCUSSION
It has been suggested that one of the reasons of MNE in children is autonomic dysfunction. There are several investigations using only one method to evaluate MNE. Fujiwara et al. (2001) demonstrated the dominance of parasympathetic activity by using only power spectral analysis method. On the other hand, Dundaroz et al. (2001) demonstrated the dominance of sympathetic activity by using only time dependent analysis method. In our study, we used both of these two methods to evaluate MNE.
According to the urodynamic studies, bladder instability and hyperactivity seems as an important etiological factor in the MNE pathogenesis (Wu et al. 1988; Yakinci et al. 1997; Cigna et al. 2002) . According to our study parasympathetic hyperactivity could be a responsible factor for bladder hyperactivity. In another study, it has been supposed that etiopathogenesis of MNE could be multifactorial (Butler 1994) . Thus, our results give us a partial explanation to understand some parts of etiopathogenesis of MNE. The present study has shown that parasympathetic nervous system functions are hyperactive in children with MNE. There are many studies, which evaluated the cardiac autonomic regulation by the power spectral analysis and time dependent analysis using 24-hour Holter electrocardiogram (Goto et al. 1997; Massin et al. 1997; Makimattila et al. 2000; Martini et al. 2001; Yang et al. 2001; Kazuma et al. 2002; Mehta et al. 2002; Park et al. 2002) . The power spectrum of heart rate variabil- SDNN, the standard deviation of all normal sinus R-R intervals over 24 hours; SDANN, standard deviation of all averaged normal sinus intervals for each 5-minute segment in the 24-hour recording; rMSSD, the root mean square of successive differences between normal sinus R-R intervals. ity was analyzed in three frequency components consisting of the very low frequency component and high frequency component. The HF, which is related to respiratory sinus arrhythmia, is widely accepted as a measure of parasympathetic or vagal activity (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996). We found significantly higher HF results in MNE group than control group. Power in the LF band is related to baroreceptor activity and blood pressure wave activity and resonance, and is dually modulated by the parasympathetic and sympathetic systems (Pomeranz et al. 1985; Malliani 1999) . In our study, LF values were significantly lower than control group. The ratio of LF/HF power has been used as a marker of sympathovagal balance in some studies (Malliani 1999) , however, because LF power can reflect both sympathetic and parasympathetic activity, this interpretation can at times be misleading (Eckberg 1997) .
Although the majority of the total power in the 24-hour HRV power spectrum is accounted for by VLF components, the physiological mechanisms involved in the generation of these rhythms are less defined and still somewhat controversial. The VLF component has been proposed as a marker of sympathetic activity (Perini et al. 2000) . In our study, VLF band was significantly decreased.
For time-domain analysis, several statistical variables are derived from a recorded heart rate signal. Despite their simplicity, these measurements, the most common of which is standard deviation (square root of variance), proved to be useful clinical tools (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996). The standard deviation provides an evaluation of overall HRV, however, as a measure of changes in sympathovagal balance, it is limited. This standard deviation is also referred to as the SDNN. The most commonly used measure derived from interval differences is the RMSSD, which is an estimate of HF variation in heart rate. HRV is usually evaluated by frequency and time-domain analysis (Kleiger et al. 1995 ; Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996) with short and long-term recordings. In some conditions, long-term (24-hour) recordings have been more sensitive in detecting abnormalities in autonomic function than short-term variables (Kleiger et al. 1995 ; Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996) . Therefore, we recorded and analyzed all findings for 24 hours in MNE positive children in order to detect variabilities in autonomic activities. To our knowledge, there is no study using both investigational methods together in the literature.
In our study, we found the dominance of parasympathetic activity using spectral and time domain analysis methods. In time domain analysis, there were significant decreases for SDNN and SDANN values in MNE group. In spectral analysis, there were significantly increased HF and decreased LF values in the MNE group. These results confirm the parasymphatetic dominance in the etiopathogenesis of MNE. Besides, anticholinergic treatment may have beneficial effects for these patients.
CONCLUSION
We detected parasympathetic nervous system hyperactivity in MNE children through the 24-hour analysis. This indicates that vesical hyperactivity can be caused by parasympathetic nervous system hyperactivity in enuretic children.
